Water soluble pectic polysaccharide fractions were isolated from different parts of Echinacea purpurea in order to elucidate any structural and biological differences. Water extracts of stems, leaves, flower buds, open flowerheads, post fertile flowers and roots were purified by ion exchange chromatography and by gelfiltration. The polysaccharides consisted of a high amount of galacturonic acid, but also rhamnose, arabinose and galactose with glycosidic linkages compatible with rhamnogalacturonan type I (RG-I), arabinogalactan I (AG-I) and arabinogalactan II (AG-II) structures. Precipitation with Yarivreagent supports the presence of AG-II. The polysaccharides isolated from the different plant part showed largely the same structure, but with some differences mainly in the arabinan component. The complement fixing activity varied considerable between the plant parts. The structural elucidation indicated that the glycosidic linkages to arabinose are important for the complement fixating activity, and thus a diminished activity after weak hydrolysis of the pectic fractions was observed.
INTRODUCTION
Preparations of Echinacea species are amongst the most widely used herbal medicines. The beneficial effects are assumed at least partly to be due to their reported immunostimulatory properties. Echinacea purpurea (L.) Moench. is the best studied of the nine species of the genus Echinacea (Asteraceae). Two other of the species, Echinacea angustifolia (DC.) Hell. and Echinacea pallida (Nutt.) Nutt. are also used medicinally (Foster, 1984) . Echinacea spp. has a long history of medicinal use for a wide variety of conditions, mainly microbial infections (Bauer, 1998) . The current medicinal use of Echinacea spp. is probably due to its effects on the immune system, particularly in the treatment and prevention of common cold, influenza and other upper respiratory tract infection (Barrett, 2003) . The most consistent results identified by *Corresponding author. E-mail: hilde.barsett@farmasi.uio.no. Tel: +47 22856573. Fax: +47 22854402. the majority of studies so far indicate that Echinacea has nonspecific immunomodulatory properties through the triggering of the innate immune system (Zhai et al., 2007) . The compounds assumed to be responsible for the activities include caffeic acid derivatives, alkamides, polyacetylenes, polysaccharides and glycoproteins.
Polysaccharides from E. purpurea have previously been investigated for their immunostimulatory properties (Stimpel et al., 1984; Wagner et al., 1984) . Two polysaccharides (PS I and PS II) were isolated from aqueous extracts of aerial parts, and structural analysis showed PS I to be a 4-O-methyl-glucuronoarabinoxylan with average MW of 35 kDa, PS II was an acidic arabinorhamnogalactan of MW 45 kDa (Proksch and Wagner, 1987) . A xyloglucan, MW 79.5 kDa was polysaccharide isolated from leaves and stems of E. purpurea, while a pectin-like polysaccharide was isolated from the expressed juice (Stuppner, 1985) . The biological activity of these polysaccharides has been reviewed by Bauer (1999) , Emmendörffer et al. (1999) and Hall (2003) . Thude and Classen (2005) have isolated a highly branched arabinan from E. pallida, and in addition biological active arabinogalactan-proteins have been isolated from all three species (Bauer, 1998; Thude et al., 2006) . Structure of polymeric fructans from E. purpurea roots has also been determined .
Several of the medicinal plants used in traditional medicine contain polysaccharides showing biological effects related to different parts of the immune system Kiyohara, 1999, 2007; Yamada et al., 2009) . Polysaccharides with biological activity often contain uronic acids, as in pectins. Among the structural moiety of pectins, the ramified region often contains the active sites for the complement fixing activity, mitogenic and enhancement of immune complex clearance (Paulsen and Barsett, 2005) .
There is no single identified compound in Echinacea preparations that can be associated with the medicinal effects. To date more than 216 different phytochemicals have been identified in the literature based on E. purpurea (Zheng et al., 2006) . The content of phytochemicals has shown to vary between the different plant parts, and also differ as a result of cultivating systems, nutrients, water and physical environment. Zheng (2006) showed that caffeic acid derivatives also vary from one plant part to another. Liu et al. (2007) showed that E. purpurea reached its highest content of caffeic acid derivatives in the middle stage of full blossoming.
In the present study, pectic polysaccharide fractions were isolated by the same procedure from roots, stems, leaves, flower buds, open flower heads (early stage of full blossoming) and post fertile flowers (just before withered state) of E. purpurea and compared with respect to carbohydrate composition, structural patterns and complement fixating activity.
MATERIALS AND METHODS

Plant material
The different plant parts of E. purpurea; stems, leaves, flower buds, open flower heads (early stage of full blossoming) and post fertile flowers ( just before withering) were supplied by Steinar Dragland (Norwegian Institute of Plant Research, 2350 Nes, Norway). The plant material was stored at -20°C, prior to freeze-drying and pulverization. E. purpurea roots were supplied by Hans Peter Abrahamsen, (Mercurialis, Sorø, Sealand, Denmark). They were stored dry at a temperature below 5°C for 4 days during transport to Oslo, Norway, where they were stored in ethanol overnight, then freeze-dried until stable weight, pulverized to a fine powder by a mechanical grinder and stored in closed vessels below -18°C until extraction.
Extraction
The extraction and fractionation procedure is outlined in Figure 1 . All extractions were performed under reflux and with thorough Barsett et al. 581 stirring, using plant material/solvent ratios of 1:20 (w/v). The extracts were filtered through Whatman GF/A glass fiber filter. Low molecular weight compounds and lipophilic constituents such as phenolics and alkamides, were removed from the aerial plant material of E. purpurea by extraction with boiling 80% aqueous ethanol four times for 1 h each. Low molecular weight and lipophilic constituents were removed from the roots by extraction with boiling 96% ethanol, followed by extraction with boiling 50% aqueous ethanol four times for 1 h each. The residual plant material of the stems, leaves, flower buds, open flower heads and post fertile flowers were further extracted with 50°C H2O, pH 5, two times for 2 h. The combined water extracts for each plant part were concentrated by rotary evaporation under diminished pressure and 40°C, dialyzed against distilled water in a Spectra/Por Membrane dialysis tube (Spectrum) with molecular weight cut off of 3.5 kDa, then freeze dried and called "water extract -E. purpurea-stems" (WE-EP-S), "-leaves" (WE-EP-L)," -flower buds" (WE-EP-FB), " -open flower heads" (WE-EP-OF) and " -post fertile flowers" (WE-EP-PFF), respectively.
The residual root material after removal of lipophilic and low molecular weight compounds was extracted three times with 100°C water for 1 h, to obtain the ethanol insoluble compounds such as polysaccharides (Dalby-Brown et al., 2005) . The combined H2O-extracts were concentrated by rotary evaporation under diminished pressure and 40°C, dialyzed at cut-off 3500 Da, freeze-dried and called "water extract -E. purpurea -root" (WE-EP-R).
Anion exchange chromatography
The water extracts were fractionated by anion exchange chromatography on a DEAE Sepharose fast flow column (Ø: 5 cm, L: 14.5 cm, GE Health) with chloride as counter ion. Extracts were filtered through Acro® 50A 5 μm filter (Gelman Sciences) and thereafter through Millex®-HA 0.45 μm filter (Millipore) prior to application on the column. The column was eluted with app. 600 mL of water resulting in one neutral fraction (WE-EP -"plant part"-N"). The column was then eluted with a linear gradient, 0 to 1 M NaCl, in 2 L, at 2 ml/min, 11 ml fractions were collected.
The carbohydrate profile was monitored using the phenolsulphuric acid method (Dubois et al., 1956) . The absorption at 490 nm was plotted as a function of elution volume. The elution profiles from the different extract were similar and gave one broad main peak with a small peak in front and a small peak in just after the main peak. The root extract gave three acidic polysaccharide fractions (WE-EP-R-A1, -A2, -A3) of which WE-EP-R-A2 was the main peak (Dalby-Brown et al., 2005) . For the other extracts, the main peak after ion exchange chromatography was divided into two fractions; WE-EP-"plant part"-A1, -A2a, -A2b and -A3 (Figure 2 ). The relevant fractions were pooled. All these fractions were dialyzed (cut-off =3500 Da) to remove NaCl, reduced in vacuo and freeze-dried.
Gel filtration on Sephacryl S-400
The polysaccharides fractions, WE-EP-FB-A2a, WE-EP-OF-A2a, WE-EP-PFF-A2a from ion exchange chromatography (20 mg) was dissolved in distilled water (10 ml), filtered through Millex®-HA 0.45 μm filter (Millipore) and applied onto a Sephacryl S-400 column (Ø: 1.5 cm, L: 54 cm). The samples were eluted with 10 mM NaCl at 0.5 ml/min, and 2 ml fractions were collected. The carbohydrate profile was determined as described above. The absorption at 490 nm was plotted as a function of elution volume, and the relevant fractions pooled. Dextran standards of 475, 233, 98.4, and 16 .4 kDa were used for calibration of the column. Two sub fractions, -A2a-I (2000 to 500 kDa) and -A2a-II (500 to 100 kDa) were identified for each fraction based on their elution profile, dialyzed 582 J. Med. Plants Res. and freeze-dried.
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Plant material
Echinacea purpurea
Residue
Weak acid hydrolysis
The polysaccharides fractions WE-EP-FB-A2a, WE-EP-OF-A2a, WE-EP-PFF-A2a from ion exchange chromatography (5 mg) were hydrolyzed with 0.05 M oxalic acid (2 ml) at 100°C for 2 h (Cartier et al., 1987) . The acid was neutralized with sodium carbonate, and the mixture dialysed (Mw cut off 3,500 Da) against distilled water to eliminate salt and carbohydrate monomers. The acid resistant parts, WE-EP-FB-A2a-HYD, WE-EP-OF-A2a-HYD and WE-EP-PFF-A2a-HYD were freeze-dried.
Carbohydrate composition
The samples (1 mg) were subjected to methanolysis with 4 M HCl in anhydrous MeOH for 24 h at 80°C (Chambers and Clamp, 1971; Barsett and Smestad, 1991) . Mannitol was used as an internal standard. After methanolysis the reagents were removed under a stream of N2 and the methyl-glycosides dried in vacuum over P2O5 prior to conversion into the corresponding TMS-derivates. The samples were subjected to capillary gas chromatography (DB-5, Carlo Erba 6000 Vegas Series 2) as described by Barsett and Smestad (1991) .
Quantitative determination of phenolic content
The total phenolic compounds were determined according to the Folin-Ciocalteu assay (Swain and Hillis, 1959) , and modified as described by Rombouts et al. (1986) . The absorbance was measured at 750 nm in a 4049 Novaspec spectrophotometer (LKB Biochrom using ferulic acid as standard. The total phenolic content was determined as ferulic acid equivalents (FA/sample) • 100%.
Linkages analysis of the polysaccharides
Prior to methylation of the polymers, the uronic acids were reduced to their corresponding neutral sugar as described by Sims and Bacic (1995) . The reduced polymers were methylated using the method of Ciucanu and Kerek (1984) , modified by McConville et al. (1990) . The fully methylated polysaccharides were hydrolysed with TFA, the monomers reduced with 1 M NaBD4 in 2 M NH4OH and the resulting partly methylated alditols were acetylated to partially methylated alditol acetates, PMAA, by adding 200 µl 1-methylimidazole and 2 ml acetic acid anhydride. The PMAA were dissolved in 100 µl MeOH and analyzed by GC-MS on Fisons GC 8065 using split injection and a Fisons fused silica column (30 m x 0.2 mm i.d.) with a film thickness of 0.20 mm coupled with a Hewlett-Packard Mass Selective Detector 5970. The compounds present were identified by retention time and interpretation of the mass spectra. The relative amounts of each linkage type were estimated from the total amount of each monosaccharide obtained from the methanolysis analysis and the relative amount of each PMAA present.
The Yariv-β-glucosyl test
The presence of arabinogalactan type II (AGII) structures was detected by the single radial diffusion in an agarose gel containing the β-glucosyl Yariv reagent as described by Van and Clarke (1985) . A positive reaction was identified by a reddish circle (halo) around the well into which the samples were applied. Gum Arabic was used as a positive control.
Barsett et al. 583
Complement fixating assay
The complement fixing test is based on inhibition of haemolysis of antibody sensitized sheep red blood cells, SRBC, by human sera as described by Michaelsen et al. (Method A) (2000) . PMII, a pectin fraction from the leaves of Plantago major, was used as a positive control (Samuelsen et al., 1996) . Inhibition of lysis induced by the test samples were calculated by the formula (Acontrol -Atest)/ Acontrol) x 100 % From these data a dose-response curve was constructed and the concentration of test sample giving 50% inhibition of lysis (IC50) was calculated. A low IC50 value means a high complement fixing activity. This biological test system can have some day to day variation and thus the ration IC50 PMII / IC50 sample was calculated. A high ratio means high complement fixing activity.
RESULTS AND DISCUSSION
Isolation of polysaccharide fractions
Pulverized plant material of stems (S), leaves (L), flower buds (FB), open flower heads (early stage of full blossoming) (OP) and post fertile flowers (just before withering) (PFF) of E. purpurea (EP), was pre-extracted using boiling 80% aqueous ethanol in order to remove low molecular weight and lipophilic constituents such as low molecular weight carbohydrates, polyphenols and alkamides before extraction with water at 50°C. The root material of E. purpurea was similarly pre-extracted with boiling 96% ethanol followed by boiling 50% aqueous ethanol in order to remove low molecular weight and lipophilic constituents prior to the extraction with boiling water. All the water extracts (WE) were then further fractionated according to Figure 1 . The so-called flowers of Asteraceae are really clusters of flowers called inflorescences (flower heads). The individual flowers are called florets, and they are usually tiny and numerous, arranged in a compact inflorescence (flower head) so that they resemble a single flower (Stern, 1994) .
Monosaccharide composition, content of phenols, detection of AG II and the complement fixinging activity of the water extracts
The monosaccharide composition of the water extracts from the different plant part of E. purpurea is presented in Table 1 . A rather high amount of arabinose, galactose and galacturonic acid is seen in all the fractions, indicating pectic type polysaccharides. The monosaccharide composition of the water extracts of flower buds (WE-EP-FB), open flowers (WE-EP-OF) and post fertile flowers (WE-EP-PFF) are similar, and these three fractions have the highest content of galactose and galacturonic acid compared to the water extracts from the other plant parts. The water extract of the stems (WE-EP-S) contain 46% of glucose, which is higher than the glucose content from the other plant parts. This could be due to a high portion of starch. The total content of phenols is also shown in Table 1 . The stems and roots had lowest content of phenolic compounds than the other plant parts, while the leaves had the highest.
The Yariv test gave positive response for all extracts tested. The extracts from flower buds, open flowers and post fertile flowers gave stronger response than those from stems and leaves. This indicates the presence of arabinogalactan type II structures in the polysaccharides from all crude water extracts.
The complement fixing test is based on inhibition of hemolysis of antibody sensitized sheep erythrocytes. Inhibition of lysis of the fractions were assayed as IC 50 values relative to IC 50 of a polysaccharide standard PMII from Plantago major (IC 50 PMII / IC 50 sample), which are less influenced by day to day variations in the biological test system (Michaelsen et al., 2000) . The relative IC 50 values of the extracts are given in Figure 3 . The water fraction from the post fertile flowers (WE-EP-PFF) was the fraction with the highest activity, higher than all the other water extracts and approximately 3 times stronger than the standard polysaccharide (PMII). It is interesting to note that even though the monosaccharide composition of the water extracts of flower buds, open flowers and post fertile flowers are very similar, the activity of these extracts differs.
Characterization of the acidic fractions
The crude water extracts of leaves, flower buds, open flower heads, post fertile flowers and roots were subjected to further fractionation by anion exchange chromatography. The elution profiles from the different extract were similar and showed one broad main peak with a small peak in connection in front of the main peak, and a small peak after the main peak. These shoulder peaks contained too little material for characterization analyses. For the water extract of the leaves (WE-EP-L), the flower buds (WE-EP-FB), the open flowers (WE-EP-OF) and the post fertile flowers (WE-EP-PFF) the resulting main peak was divided into two fractions (-A2a, and -A2b) and further characterized (Figure 2 ). The main peak from the root extract (WE-EP-R) was kept as one fraction (-A2) (Dalby-Brown et al., 2005) . The obtained neutral fractions devoid of complement fixing activity did not precipitate with the Yariv-reagent and were not further studied. Monosaccharide composition of the obtained acidic fractions is presented in Table 2 . The results of the linkage analysis of the same fractions are shown in Table  3 , and the complement fixing activity assayed as relative IC 50 values (IC 50 PM II / IC 50 test sample), are given in Figure 4 . All the front shoulder (-A1) peaks, had lower amount of galacturonic acid and rhamnose, and higher amount of arabinose and galactose than the main fractions (-A2). All -A1 fractions also had a higher content of xylose and glucose compared to the other fractions. The monosaccharide composition of the -A2 fractions after anion exchange chromatography, showed all a relatively high amount of galacturonic acid and the neutral monomers rhamnose, arabinose and galactose which lead to the assumption that these fractions contain pectic polymers. The galacturonic acid is mainly 1-4 linked. Rhamnose is terminally, 1 -2 and 1 -3 linked and some branched units mainly as 1-2,4, but also as 1-3,4 linked units. The arabinose is mostly terminally and 1-5 linked with some branch points having 1-3,5 linkages. Galactose is terminally and 1-4 linked, but also 1-3 linked, and 1-3,6 linked units as branch points. Root fraction (WE-EP-R-A2) contained only terminally, 1-3 linked and 1-3,6 linked galactose, and had higher amount of arabinose than the other plant parts. Besides being terminally and 1-5 linked, arabinose is here highly branched in positions 1-3,5. Pectins were earlier thought tomainly consist of galacturonic acid, but it has now long been recognized that pectins are a very complex group of polysaccharides and they are divided into two main types: Rhamnogalacturonan I (RG-I) and Rhamnogalacturonan II (RG-II). This is reviewed by Albersheims group (McNeil et al., 1982; Ishii et al., 1989) and also by Waldron and Faulds (2007) and Paulsen and Barsett (2005) . RG-I is the main part of the total amount of pectins present and consist of a polymer that have a core of alternating α-1,4-linked D-galacturonic acid and α-1,2-L-rhamnose units. The rhamnose units are frequently found as branch points, primarily on position 4, carrying galactan and arabinan side chains of varying structures. The arabinogalactans attached to the rhamnose units are frequently found to be of the arabinogalactan type I (AG-I) and/ or arabinogalactan type II (AG-II) (precipitates with the Yariv-reagent). AG-I is composed of a β-1,4 linked galactan backbone with side chains of arabinans basically linked through position 3 of the galactose units. AG-II has as its main core a galactan that can have either 3 or 6 linkages in the main chain and is highly branched with the 1,3,6-linked galactose units at the branching points. The arabinan may be linear or branched, and primarily linked through positions 3 or 5. Linkages through C-2 are also observed, but generally they are less frequent than the 3-linkage. It is generally accepted that the core linkage of the arabinans are the 5-linkages and the branches occur at C-3 or C-2. All the presented fractions isolated from ion exchange chromatography, gave to a different extent, precipitation with the Yariv-reagent. Concomitant with the linkage analyses showing the presence of 1-3,6 linked galactose these results confirmed that all fractions contain AG-II, and with high amount of galacturonic acid this support the assumption that the fractions contain pectic polysaccharides. High amount of 1-4 linked galactose (Table 3 ) support the presence of AG-I side chains as well.
The amount present of galacturonic acid is normally increasing when eluted with increasing gradient concentration. The fractionation of the water extract of the roots is an exception of this as the last fraction has lower percentage of galacturonic acid than the main peak eluated at a lower concentration. This could be due to a higher amount of methyl esterification of the galacturonic acid in the main fraction. Presence of methyl esterified galacturonic acid in pectins is well established (Voragen et al., 2000) . The complement fixing test (Figure 4) showed that most of the fractions isolated after anion exchange chromatography had lower activity than their parent extracts, apart from the -A3 fractions from post fertile flowers and from roots that both gave much higher activity than any of the other fractions. The -A3 fraction from the root extract had the highest activity. From the linkage analysis, this polysaccharide fraction showed higher amount of terminally linked and branched arabinose and higher amount of terminally linked and branched galactose. The monosaccharide composition together with the elution range from the anion exchange column gives the assumption that this polysaccharide has a lower degree of methyl esterified galacturonic acid than the other polymers.
Characterization of high molecular weight fractions
The fractions from the first part of the main peak (-2Aa) after anion exchange chromatography of the extracts of flower buds, open flower heads and post fertile flowers, were further fractionated on a Sephacryl S -400 gelfiltration column. The column was calibrated with dextrans ranging from 2000 to 16.4 kDa. Dextrans have other physical properties than pectins, and cannot be used for exact molecular weight determination of pectins, but the calibration of the column with these standards can give a certain lead towards the molecular weight of the fractions. The isolated fractions eluted in the range of 2000 to 500 and 500 to 100 kDa, were named -A2a -I and -A2a -II, respectively. Monosaccharide composition of the obtained fractions after gel filtration was determined and presented in Table 4 . The results of the linkage analysis of the same fractions are shown in Table 5 , and the complement fixing activity assayed as relative IC 50 values as shown in the foregoing ( Figure  5) .Comparison of the fractions with respect to the molecular weight showed that the fractions with the highest molecular weight of the two from the same original extracts, showed the highest complement fixing activity. The activity rises with stage of blossoming, and the highest molecular weight fraction from post fertile flowers gave the highest immunomodulating activity. The monosaccharide composition and linkage analysis of the two molecular weight fractions originating from the flower buds (WE-EP-FB-A2a-I and WE-EP-FB-A2a-II ) showed that the two fractions were very similar, only a small amount of terminally linked mannose was found in addition in the highest molecular weight fraction. The two different molecular weight fractions originating from the water extract of open flower heads (WE-EP-OF-), showed also similarities. Both gave high content of galacturonic acid, mainly 1-4 linked, and similar amount of terminally, 1-3 linked, 1-4linked and 1-3,6 linked galactose. The high molecular weight (-A2a-I) fraction contained a small amount of 1-6 linked galactose in addition. The high molecular weight fraction showed much higher content of arabinose, given as higher amount of terminally linked, 1-5 linked and 1-3,5 linked monomers. The same differences were seen between the two molecular weight fractions (-A2a-I and -A2a-II) originating from the water extract of post fertile flowers (WE-EP-PFF-). This could lead to the conclusion that the structural elements of arabinose are important for complement fixating activity.
Characterization of hydrolysed fractions
The fractions WE-EP-FB-A2a, WE-EP-OF-A2a and WE-EP-PFF-A2a after ion exchange chromatography were also subjected to weak acid hydrolysis. Monosaccharide compositions of the high molecular weight material after hydrolysis are presented in Table 6 , and results of the linkage analysis shown in Table 7 . The most striking differences between the original -A2a fractions and the hydrolyzed fractions (-A2a-HYD) were the total disappearance of arabinose after hydrolysis. A part of the rhamnose and a smaller part of the galactose were also lost afterhydrolysis. The linkage analysis showed a higher structure element after hydrolysis, the 1-4 linked relative amount of terminally linked galactose which could be due to arabinose bound to galactose in the original fractions. Also, a somewhat lower amount of 1-3,6 linked galactose could be due to branching with arabinose in 3 position or 6 position of the galactose. The relatively higher amount of terminally linked galacturonic acid after the weak Smidsrød et al. (1966) showed that poly-and oligouronides showed a particularly high rate of hydrolysis at low acid concentrations due to a high proton concentration near the negatively charged polysaccharide chain in solution. This will result in increased galacturonic acid as nonreducing end. The main galacturonic acid, show that this is the main chain of the polymer. The hydrolysis of the -A2a fractions gave lower complement fixating activity in all the flower part fractions. In conclusion, pectic polysaccharide fractions from roots and post fertile flowers seemed to have higher complement fixing activity than similar fractions from the other plant parts. High molecular weight polysaccharide fractions showed higher content of 1-5 linked and 1-3,5-linkedarabinose and also higher complement fixing activity than the lower molecular weight fractions originating from the same water extracts. Weak acid hydrolysis removed all arabinose units in the flower part polysaccharide fractions, which resulted in lower complement fixing activity. This lead to the assumption that the structural elements of arabinose are important for the biological activity.
